ABSTRACT: Glucosamine (GlcN) has great application in the food, cosmetic, pharmaceutical, and biomaterial areas; it is typically produced by hydrolysis in the exoskeletons of marine animals, one of the types of mud crab (Scylla serrata Forskal). Mud crab shells contain chitin and chitosan compounds which can be further derivatives for the production of GlcN HCl. The purpose of this study is to isolate and determine the level of GlcN HCl by hydrolysis of chitin and chitosan from mud crab shell. GlcN HCl was characterized by Fourier Transform Infra-Red (FT-IR) spectrophotometry, and its quantity was analyzed by UV-Vis spectrophotometry. Both methods used GlcN HCl as a standard for comparison and calculation of match factor (MF). The results of this study showed that the samples contain GlcN HCl either chitin or chitosan. FT-IR spectrum of chitin sample appears at wave number 1033 cm -1 , 1532 cm -1 , 3415 cm -1 whereas for chitosan at 1033 cm -1 , 1532 cm -1 , 3356 cm -1 . Both sample spectrums showed vibration corresponding to ether (-O-), ethyl (CH2) and amine group (NH). The MF value of sample chitin and chitosan is 933 and 974, respectively; it shows that the resulting spectra are identical with the standard. The GlcN HCl level of sample chitin and chitosan was 553 and 993 mg/g, respectively. It can be concluded that the waste of mud crab shell has high potential as a natural source of GlcN HCl.
INTRODUCTION
The Scylla serrata Forskal is an edible and economically valuable commodity in South-East Asia. The shell wastes of this seafood are essential sources of manufacturing chitin, a biopolymer that has high commercial potential in various industries [1] . Although the use of chitin has been beneficial in a multitude of industries, it has encountered some obstacles for wide use application due to its insolubility hence causing difficulty for its separation from other materials since it is mainly bound to proteins. For the improvement in the utilization of chitin, it needs to be re-processed by chemical or enzymatic reactions for the production of chitosan [2, 3] . Chitosan has shown various biological activities such as antimicrobial, antitumor, and immuneenhancing activities [4, 5] . However, despite the extensive use of chitosan, it still lacks water soluble characteristics [6, 7] . Thus this study aims to convert chitosan and chitin into a more flexible compound glucosamine hydrochloride (GlcN HCl), which is absent of this disadvantage.
Both chitin and chitosan are sources of 2-amino,2-deoxy-D-glucose (glucosamine) [8] . GlcN HCl is a product from the degradation of chitin and chitosan, and it is the second most abundant polysaccharide in nature extracted from shrimp, crab, insect, and fungal exoskeletons. Chemical hydrolysis of chitin and chitosan followed by bio converting using enzyme [9] [10] [11] is among the methods used for the production of GlcN HCl as an excellent application potential in the food, cosmetic, pharmaceutical, and biomaterial areas. Isolation of GlcN HCl from Penaeus monodon shell waste was done by chemical hydrolysis [12] , thus proving that GlcN HCl can be obtained from shelled animals, especially crustaceans.
GlcN is referred to the constitution of glycosaminoglycan chains that are essential ingredients of the articular cartilage [13] , it is also a substrate to produce aggrecan and proteoglycan that hydrophilizes cartilage, therefore it has been used in many countries based on the increasing evidence of its effectiveness against osteoarthritis together with chondroitin sulfate [14, 15] . In addition to its chondroprotective action, glucosamine is able to exert anticancer activity, although the mechanism of action is not clearly determined. It was found that GlcN reduced proteasome activity and induced growth arrest and apoptosis in ALVA41 prostate cancer cells. The decrease in proteasome activity occurred prior to apoptosis. The researcher also found that glucosamine specifically downregulated PA28, one of the proteasome activator. Importantly, the overexpression of PA28 rescued the proteasome inhibition and apoptosis induced by glucosamine [16] .
Based on the description above, there are many benefits of GlcN, so it is necessary to trace for other sources from natural. This research is aimed to isolate and determine the level of GlcN HCl by hydrolysis of chitin and chitosan from the waste of mud crab shell. Where it can reduce the waste of crustaceans; furthermore, improving the economic value of this waste for use in the health industry.
RESULTS

FT-IR spectrophotometry determination of GlcN HCl
Components of crab shells such as proteins, calcium minerals, and pigments were separate from chitin which was then followed by the removal of acetyl chain on chitin to produce chitosan. Both polymers were used as starting material to produce GlcN HCl by chemical hydrolysis. The product of GlcN HCl was prepared using a potassium bromide (KBr) pellet, its structure was determined by FT-IR spectrophotometry accompanied by comparison with the spectrum of standard reference. Infrared radiation is passed through a sample, some of the IR radiation is absorbed by the sample and some of it is passed through (transmitted). The resulting spectrum represents the molecular absorption and transmission, determining what fraction of the incident radiation is absorbed in a particular energy, creating a molecular fingerprint of the sample. The fingerprint is unique for each compound, no two unique molecular structures produce the same infrared spectrum [17] .
Identical FT-IR spectra for sample and standard were observed as in Figure 1 , 2, and 3. Table 1 depicts FT-IR spectrum of chitin sample with wave numbers 1033 cm -1 , 1532 cm -1 , 3415 cm -1 as well as chitosan with wave numbers 1033 cm -1 , 1532 cm -1 , 3356 cm -1 . These numbers correspond to the vibrations of ether (-O-), ethyl (CH2) and amine group (NH) as depicted in Table 2 . Most of compounds can be noted in absorption between 4000 cm -1 and 1400 cm -1 , this area known as the principal vibration. In this area, there is fundamental vibrationabsorption uptake derived from the functional groups, which showed the presence of GlcN HCl content in the samples [18] . In contrast to the chitosan infrared spectra, the absorption band at the wave number 3448.84 cm -1 is the primary NH vibration followed by sharp absorption bands at wave numbers 2923,22 cm -1 corresponding to vibrations of the CH alkane range, whereas the sharp absorption bands at wave numbers 2359,98 cm -1 are the result of the NH stretch vibrations of the amines. The comparison of functional groups of GlcN HCl standard and product was based on pricing parameters of match factor (MF), this method was used to confirm the characteristic wavenumber between the product and the standard reference. The value of MF is 900-1000, if the value of MF ≤900 spectra generated is not identical and if MF ≥900 spectra produced is identical. Table 1 and 2 clearly seen that between GlcN HCl product and standard has a similarity, which is the MF values of GlcN HCl from chitosan is higher than chitin. Based on the data it can be ascertained that the characteristics of GlcN HCl produced from chitosan are more similar to the reference than chitin; therefore, it is recommended for the production of GlcN in large quantities by using chitosan sources.
UV-Vis spectrophotometry determination of GlcN HCl
The level of GlcN HCl was determined by UV-Vis spectrophotometry with the standard reference for comparison. It was determined from standard reference that the optimum wavelength for measurement was 512 nm. The standard solutions of GlcN HCl were prepared at 50, 100, 200, 300, 400 and 500 μg/mL, and the standard calibration was obtained by running on UV-Visible spectrophotometer at 512 nm and then plotting absorbance against concentrations. The best fit of the line curve was calculated by the equation of line (y = 0,0012x + 0,2683), and the linearity was evaluated through the correlation coefficient (R 2 ). The R 2 is 0,996; it means the correlation between absorbance and concentration is fit because the value is near to one. The sample 100 g/mL was used for UV-Visible spectrophotometry analysis, to be used as a variable in the equation of line. Based on the quantitative analyses, Table 1 and 2 shows that GlcN HCl content from chitosan was higher than chitin. In general, the characteristics of GlcN HCl from chitosan sources have a higher value compared to GlcN HCl from the chitin. This is because the purity of GlcN HCl from chitosan is better than chitin source. The difference in purity is due to the distinct degrees of deacetylation of chitin and chitosan where the degree of chitosan deacetylation was higher than that of chitin. According to Huskisson, the degree of deacetylation is closely related to the release of acetyl groups from N-acetyl glucosamine to D-glucosamine [19] . The higher the degree of deacetylation, the more acetyl groups of N-acetyl glucosamine are released to form Dglucosamine more and more. A high degree of deacetylation can decrease the acid concentration used for hydrolysis thus simultaneously reducing production costs. Pesek et al. state that high glucosamine purity is more resistant to heat and the product will have a higher melting point [20] . In addition Taşkın et al. state that the compound of low purity contains impurities that will degrade the quality of the product [21] . 
DISCUSSION
Over the years crab meat has become one of the main export commodities of Indonesia. The rise of crab meat consumption simultaneously increases crab shell wastes. Hence it is imperative and lucrative to find ways to convert these shell wastes into useful products. Crab shell typically contains protein 15.60-23.90%, calcium carbonate 53.70-78.40%, and chitin 18.70-32.20% depending on the crab type and its habitat environment [1] . The chemical reaction of a shell can produce chitin, chitosan, and their oligomers by using concentrated HCl, then purified by column chromatographic fractionation. The method to produce chitin and chitosan known as deproteination, demineralization, depigmentation, and deacetylation [9] , can be modified by acetolysis, fluorohydrolysis, and sonolysis [22] .
Chitosan as a copolymer of d-glucosamine and N-acetyl-d-glucosamine with β-(164) linkage, is obtained by alkaline or enzymatic deacetylation of chitin. This material can be used to produce GlcN HCl by chemical hydrolysis using concentrated HCl [22] . The hydrolysis process involves two acid-catalyzed hydrolysis reactions, the first is glycosidic linkage (depolymerization), and the other is N-acetyl linkage (deacetylation) [9] . This process is favorable because GlcN has been historically prepared by chemical hydrolysis of chitin, using a strong acid, such as a chloric acid (HCl) in the appropriate temperatures [23] . Leite et al. hydrolyzed chitin with 37% hydrochloric acid (1:5 S/L ratios) by reflux at 100°C and different reaction times [24] . Novikov led out the acid hydrolysis of chitin and chitosan with 36.5% HCl at 50 and 70 °C [9] and Mojarrad et al. try to optimize the preparation process of GlcN HCl by using some conditions, and the best-fit preparation were 30 and 37% hydrochloric acid, 9:1 (v/w) acid solution to solid ratio, and 4 h of reaction time [25] . Fawwaz and colleagues isolated GlcN HCl from Penaeus monodon shell, the quantitative analysis showed that the levels of GlcN HCl from chitin and chitosan is 698 and 1,119 mg/g, respectively. Thus, the level in chitosan is higher than in chitin [12] .
According to Kralovec and Barrow the number of chitin hydrolysis to glucosamine decreases when the acid concentration used was less than 9 M. Low acid levels lead to imperfect hydrolysis and the formation of oligomer chitosan. Incomplete hydrolysis may also be caused by the lack of reaction time even though the concentration of acids used reaches 10 M [26] . Therefore, it is vital to optimize the hydrolysis reaction by observing both concentration of acid and reaction time. Besides, the GlcN HCl level also influenced by the degree of deacetylation, some studies have shown that GlcN levels from chitosan sources are always greater than chitin sources [12] . This is due to the deacetylation degree of chitosan higher than chitin, based on deacetylation degrees by Domzy and Robbert line method equation.
Some studies demonstrate the potential to produce N-Acetyl-d-glucosamine from α-chitin using chitinases of ten marine-derived Aeromonas isolates as a sustainable option to the current chemical process, due to its advantage as a sustainable alternative to the chemical process [27, 28] . This method is useful, but some studies reported that some enzymes produce systemic infections in humans and animals [29] . In opposite, Cardozo et al. found that the isolates of Aeromonas caviae, determined by multilocus sequence analysis (MLSA) using six housekeeping genes, has a high potential for chitinase expression and GlcNAc production. In addition to this, it does not present the virulent genes instead showed hemolytic activity on blood agar [11] .
The production of GlcN HCl can be conducted via chemical or enzymatic reactions, both methods are advantageous, however at present chemical method is the preferred method for large-scale production. The chemical method by hydrolysis reaction can use chitin and chitosan sources. There are many advantages possessed by chitosan as a raw material in the production of GlcN HCl, including a higher level of purity than chitin sources. However, the higher production cost of chitosan compare to chitin should be addressed.
CONCLUSION
The GlcN HCl either on chitin or chitosan has the same wavenumber with standard functional groups of GlcN HCl. Meanwhile the result of MF calculation generated from FT-IR spectra further supported this finding thus concluding that both GlcN HCl standard and samples were identical. It was also found that GlcN HCl level was almost two times higher from chitosan source than chitin. In conclusion, the waste of mud crabs has high potential as sources for production of GlcN HCl.
MATERIALS AND METHODS
Chemicals and standard solution
GlcN HCl G8475-25G obtained from Sigma Chemie GmbH Aldrich five grams with a purity of ≥ 99% over the analysis using UV-Vis spectrophotometry. Pro analysis grade of sodium hydroxide (NaOH), hydrochloric acid (HCl), calcium di-hydroxide (Ca(OH)2), iron (II) sulphate (FeSO4), acetone, sodium hypochlorite (NaOCl), potassium hydroxide (KOH) and potassium thiocyanate (KSCN) purchased from Merck (Darmstadt, Germany). The mud crab shell KB0985001 collected after identified by Raw Material Division of Bomar Group Company as a seafood exporter in Makassar-Indonesia. The sample was confirmed by Division of Botany, Pharmacognosy and Phytochemistry Laboratory, Faculty of Pharmacy, Universitas Muslim Indonesia. Distilled water was obtained through a Millipore-Q50 Ultrapure water system (Sartorius). The stock solution (c = 1000 μg/mL) prepared by dissolving 100 mg of glucosamine standard with 100 mL of distilled water.
Preparation of chitin
The dried pulverized of sample performed demineralization, the mixture of a gram sample and aqueous HCl one molar stirred at 25 -30 °C for two hours. The precipitate adjusted of pH by washing with distilled water until neutral, filtered and dried. The sediment carried out to deproteination by washing with aqueous NaOH one molar and stirring at 60 -70 °C for one hour. The precipitate separated, adjusted of pH by washing with distilled water until neutral, filtered and dried. Furthermore depigmentation, the sediment added acetone and stirred with ten milliliters NaOCl 0.315% at room temperature for five minutes. The sediment washed with distilled water until neutral pH, filtered and dried to afford chitin [30] .
Preparation of chitosan
The mixture of a gram chitin and aqueous NaOH 60% stirred at 90-100°C for one hour. The product is slurry filtered, adjusted of pH by washing with distilled water and aqueous HCl one molar until neutral. The slurry washed again with distilled water, filtered and dried to afford chitosan [28] . The product confirmed by FT-IR spectrophotometer using a chitosan standard as comparison [12] .
Glucosamine HCl on chitin
The mixture of a gram chitin and aqueous HCl 12 M stirred at 68-85°C until the hydrolysis complete. The reaction mixture was added distilled water 20 mL and then filtered with Whatman paper to remove insoluble particles and other impurities. The filtrate added activated charcoal 10%, stirred at 60°C for 30 minutes to get a pale-yellow solution. The solution was evaporated over the water bath to get a pale-yellow crystal, washed with ethanol, dried at 50°C in an oven to afford GlcN HCl [31, 32] .
Glucosamine HCl on chitosan
The mixture of a gram chitosan and concentrated HCl (20 mL) stirred at 90°C for 75 minutes. The resulting brownish black solution was added distilled water 20 ml [14] . The mixture filtered using Whatman filter to remove insoluble particles and other impurities. The filtrate added activated charcoal 10%, stirred at 60°C for 30 minutes to get a pale-yellow solution. The solution evaporated over the water bath to get a paleyellow crystal, washed with ethanol, dried at 50°C in an oven to afford GlcN HCl [32] .
FT-IR spectrophotometry
The product of GlcN HCl was confirmed by FT-IR over pellets of potassium bromide (KBr) to form a transparent thin layer and then measured at wave range 4000-800 cm -1 [14] . The spectrum compared to GlcN HCl standard.
UV-Vis spectrophotometry
GlcN HCl standard prepared by series concentration of 50, 100, 200, 300, 400 and 500 μg/mL. For three milliliters of each standard and 100 μg/mL sample added acetyl acetone four percent in aqueous sodium carbonate 1.25 N, the mixture was heated at 900°C for an hour, cooled to room temperature, add 0.75 mL of reagent Ehrlich, allowed to stand for 30 minutes. The absorbance was measured at the maximum wavelength (512.36 nm). The sample was done by three replications [33] .
Data analysis
Match factor determined to show the identical between standard and sample regarding the FT-IR analysis, using the equation below: 
